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Introduction
Photoinduced optical anisotropy in polymer/organic dyes systems is the subject of intensive care and investigations [1] . The importance of these nonlinear optical (NLO) materials for applications are quite obvious in many elds of modern optics [2] , among which, optoelectronics, photonics, and optical signal processing. Figure 1 shows the experimental arrangement of the setup.
Dichroism is measured by a probe beam linearly polarized passing through the sample while it is being subject to the pump beam. The probe beam intensity was kept about 0.03% of the pump beam intensity. This is an important procedure to use a very weak probe beam with a wavelength identical or very close to the absorption maximum of the dye molecules where any changes in the absorption will be greatest, without inuencing the pumping eect of the sample. In this manner, the probe beam absorbance parallel (A || ) and perpendicular (A ⊥ ) pigF IF he experimentl setupX " polrizerD xh " neutrl density (lterD fG " em splitterD λ/2 " hlfE wve plteD nd h " photodiodeF to the electric vector of the pump beam become dierent.
The absorbances were then calculated from [13] :
and
where I 0 is the intensity of the probe beam when there is no sample, and I and I ⊥ are the intensities of the probe beam transmitted through the sample when it is polarized parallel and perpendicular to the pump beam polarization, respectively. The linear dichroism is computed from [2]:
3. Results and discussion It is believed that there was a competitive tautomerization process taking place. This process indicates the existence of at least two tautomers with dierent activation energies, so that at low pumping energy only one tautomer carries out the phototautomerization cycle. The other tautomer with higher activation energy starts to participate in the phototautomerization process only when there is sucient energy to proceed. This will become the case after diminishing the number of the tautomers of the lower activation energy and obtaining the rst photostationary state. Then the second phototostationary state prevails as a result of devoting more pumping energy for this part of the two-step photostationary state. At higher pumping intensities, the rst part of this phototautomerization state becomes less obvious since there will be enough energy for both tautomers to participate in the phototautomerization process. This interesting phenomenon was not noticed in the case of parallel beam probing. There is now an extensive theoretical research in our laboratory to study the characteristics of possible tautomers, and relate that to the idea of the competition processes that could be responsible for the appearance of the two-step photostationary state. 
Linear dichroism
where D S is the dichroism value at the photostationary state, D I is the dichroism value at the isotropic state, and D R is the dichroism value after 2000 s of relaxation.
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where A 0 is an oset value of DR 1 at the absence of the pump light, A 1 is the dichroic ratio of the sample prior to irradiation, and t is the decay constant. The decay in the polar order within the samples due to cutting-o the pump beam follows an exponential fashion of the form:
where A 0 is an oset value of DR 2 at the absence of the pump light, A 1 is the dichroic ratio of the sample prior to relaxation, and t is the decay constant.
Contrast ratio
The orientation of the Sudan III dye molecules was controlled using laser light, which enabled the contrast ratio of the Sudan III dye to be obtained by optically switching [15] . Absorption evolution during irradiation with polarized laser light was estimated via Eqs. (1) and (2) 
where A 1 and A 2 are the initial and nal values of the contrast ratio, respectively, at which I becomes asymptotic; I 0 is the center value of the growth section of the contrast ratio at which I acquires a value equal to half of the amplitude of the curve, i.e., the point midway between A 1 and A 2 ; I is the pump intensity, and p is the power of this function which controls the steepness of the curve.
Order parameter
The contrast ratio, CR, directly relates to the order parameter for the transition moment, which is dependent on the size, shape, polarity, steric eect and aggregative properties of the dye molecules [15] . The order parameter can be calculated by
where DR is the dichroic ratio [15] . Figure 9 shows an exponential increase of the order parameter in respect of the pump intensity and reaches the maximum value of 0.999 at the pump intensity value of 1.27 mW. However at the pigF WF yrder prmeter of wweGudn sss thin (lms t di'erent polrized lser light intensitiesF value of 2.9 mW of the pump intensity bleaching symptoms begin to appear, which lead to a decrease in order parameter due to the destruction process of organic dye molecules. However, the order parameter deteriorates in an exponential fashion as soon as the pump light is cut-o. Moreover, this deterioration is also noticed with respect to the pump intensity levels. The build-up order parameter with respect to the increase in the laser pump intensity can be described via an exponential function of the form
where A 1 and A 2 are the initial and nal values of the order parameter, respectively, at which I becomes asymptotic, I 0 is the center value of the build-up section of the order parameter, at which I acquires a value equal to half of the amplitude of the curve, i.e., the point midway between A 1 and A 2 , I is the pump intensity, and p is the power of this function which controls the steepness of the curve. The decay in the order parameter due to cutting-o the pump light with respect to the pump intensity may be described as
where A 0 is an oset value of the order parameter at the absence of the pump light, A 1 is the dichroic ratio of the sample prior to relaxation, and t is the decay constant.
The realized dichroic ratio, contrast ratio, and order der to achieve higher order and better anisotropic structures, but in our present work we have not. Instead, the anisotropy in the thin lm sample was due to optical pumping only.
Mechanisms of photoinduced ordering
Sudan III dyes are very ecient photochromic anisotropic molecules. Basically, each molecule has two isomeric shapes, trans (the more stable one) and cis ( Fig. 10) , which describe the orientational ordering of photoisomerizable Sudan III dye molecules in PMMA polymer. The delocalization of conjugated π-electrons along the principal axis of the Sudan III dye molecules makes their polarizability strongly anisotropic (A A ⊥ ). However, the molecular anisotropy of the dye molecules plays an important role as well, in which the anisotropy of the trans form can lead to a bias in its angular distribution. This occurs during pumping with polarized light so that the probability for trans molecules to be pumped into the cis state upon irradiation is proportional to the angle between the long axis of the cis molecule and the beam polarization direction [18] . The orientation of the trans form is dened using polar coordinations by the angles θ and ϕ (Fig. 11) . The probability, P , for a trans form molecules to be pumped into the cis state is then given by P ∝ cos 2 θ sin 2 ϕ.
The absorption probability, proportional to cos 2 θ, leads to a selective depletion of the trans molecules parallel to the pump light polarization direction and resulting in having more cis molecules. This generates a hole in the angular distribution of the trans molecules along the pump beam polarisation direction [19] . Molecules lying in the x-direction will be pumped preferentially to the cis state. This leads to having the trans population biased towards the y-direction. Cis molecules have weaker absorption, so that a probe beam polarised in the These models are quite illustrative, and oer a good explanation to the experimental results as long as the photoisomerization process is taken into account only.
However, such models do not take into account the effect of tautomerization processes occurring during irra- interesting point to look at in our guesthost polymeric system, which will be studied in detail in the future.
Conclusion
Sudan III dye in PMMA thin lm has been studied and showed nonlinear properties. Dichroic properties have been investigated and characterized. PMMA/Sudan III guesthost systems showed dierence in the absorption characteristics when probed with parallel and perpendicular polarized laser light in respect of the pump light polarization. Moreover, the absorption increases as the pump intensity does, and a bleaching eect was noticed at pumping intensities larger than 2.9 mW. Dichroism increased in the samples with increase in the pump intensity. All gures showed a rapid increase in the dichroism level at the beginning of the pumping process followed by a slower increase. A saturation state was reached so that no further increase in the dichroism was noticed.
Cutting-o the pump light led to a fast deterioration in the dichroism level followed by a slow decrease which takes a very long time to reach the isotropic state of the sample. The dichroic ratio and order parameter showed a fast increase in their values in an exponential fashion as the pumping process taking place. In addition, the dichroic ratio and order parameter decay rapidly in an exponential fashion as well as soon as the pump light is cut o. At 2.25 mW of pumping intensity, a maximal value of 1.25 of dichroic ratio in the stationary state compared to its value at the isotropic state prior to irradiation was obtained. Also, a maximal value of 1.33 and 1.06 of the constant ratio in parallel and orthogonal congurations, respectively, was recorded. In addition, a maximal value of 0.999 of order parameter was obtained.
Such information is valuable in the eld of nonlinear optics and applications and highlights the possibility of using such systems in industry applications such as fast optical systems and optical lters, etc.
